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CONTROL SYSTEM FOR WORK MACHINE,
WORK MACHINE, MANAGEMENT SYSTEM
FOR WORK MACHINE, AND
MANAGEMENT METHOD FOR WORK
MACHINE

FIELD

The present mvention relates to a control system for a
work machine, a work machine, a management system for a
work machine, and a management method for a work
machine.

BACKGROUND

In a case where a vehicle travels on a general road, the
vehicle may travel while acquiring road information and
referring to the road information (refer to Patent Literature

).
CITATION LIST

Patent Literature

Patent Literature 1: Japanese Laid-open Patent Publica-
tion No. 2011-215474 A

SUMMARY
Technical Problem

In a case where a work machine travels 1n a mining site
of a mine, 1t can be considered that the work machine travels
referring to map data of the mine. The mining site 1n a mine
1s vast. Therefore, a data volume of the map data of the mine
1s enormous. In a case where all of pieces of acquired map
data of the mine 1s stored 1n a storage unit provided in the
work machine, a storage unit having a large capacity 1s
required. During travel in the mine, the work machine 1s just
to refer only to map data around the work machine. When all
of the pieces of the map data of the mine are stored 1n the
storage unit, a load of calculation processing 1s increased at
the time of attempting to extract only the map data around
the work machine.

An aspect of the present invention 1s directed to providing
a control system for a work machine, a work machine, a
management system for a work machine, and a management
method for a work machine, 1n which a data amount to be
read into a storage unit 1s prevented from becoming enor-
mous and only necessary map data can be efliciently
extracted.

Solution to Problem

According to a first aspect of the present invention, a
control system for a work machine, comprises: a position
detecting device configured to detect a position of a work
machine that travels on a travel route; a non-contact sensor
configured to detect, 1n a non-contact manner, an object
beside a travel route on which the work machine travels; a
map data generating unit configured to generate manage-
ment map data indicating a map of a management area in the
mine on the basis of detection data obtained by the position
detecting device and detection data obtained by the non-
contact sensor; a first storage unit configured to store divided
map data pieces each indicating a map of a divided area set
by dividing the management area; a second storage unit
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different from the first storage unit; an update unit config-
ured to determine, on the basis of detection data obtained by
the position detecting device, specific map data from among
the plurality of divided map data pieces stored in the first
storage umit, and cause the second storage unit to read the
specific map data; and a position calculating unit configured
to calculate a position of the work machine by matching the
specific map data read into the second storage unit with
detection data obtained by the non-contact sensor.

According to a second aspect of the present invention, a
work machine comprises the control system for a work
machine according to the first aspect of the present iven-
tion.

According to a third aspect of the present invention, a
management system for a work machine, comprising, in the
work machine according to the second aspect of the present
invention, a management device configured to output course
data to define the travel route.

According to a fourth aspect of the present invention, a
management method for a work machine, comprises: gen-
crating management map data indicating a map of a man-
agement area i1n the mine on the basis of detection data
obtained by a position detecting device that detects a posi-
tion of a work machine traveling on a travel route and
detection data obtained by a non-contact sensor that detects,
in a non-contact manner, an object beside the travel route on
which the work machine travels; setting a plurality of
divided areas by dividing the management area and storing,
in a first storage unit, a plurality of divided map data pieces
cach indicating a map of each of the divided areas; acquiring
positional data of the work machine; causing a second
storage umt different from the first storage unit to read
specific map data determined from among the plurality of
divided map data pieces stored 1n the first storage unit on the
basis of the positional data of the work machine; and
calculating a position of the work machine by matching the
specific map data read into the second storage unit with
detection data obtained by the non-contact sensor.

Advantageous Effects of Invention

According to the aspect of the present invention, 1t 1s
possible to provide the control system for a work machine,
the work machine, the management system for a work
machine, and the management method for a work machine,
in which a data amount to be read into the storage unit 1s
prevented from becoming enormous and only necessary map
data can be efhiciently extracted.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view 1llustrating an exemplary management
system for a work machine according to a first embodiment.

FIG. 2 1s a control block diagram of a dump truck
according to the first embodiment.

FIG. 3 1s a hardware configuration diagram of the dump
truck according to the first embodiment.

FIG. 4 1s a diagram 1llustrating a part of map data stored
in a map storage database of a control system according to
the first embodiment.

FIG. § 1s an enlarged view of a portion XIV i FIG. 4.

FIG. 6 1s an exemplary flowchart of the control system
according to the first embodiment.

FIG. 7 1s an exemplary flowchart in step ST4.

FIG. 8 1s an exemplary flowchart in step ST6.

FIG. 9 1s a diagram illustrating an exemplary management
area according to the first embodiment.
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FIG. 10 1s a diagram 1llustrating examples of management
map data MIm, divided map data pieces MlIp, and specific
map data MIT according to the first embodiment.

FIG. 11 1s a flowchart illustrating exemplary operation of
a dump truck 2 in SMN travel.

FIG. 12 1s a schematic diagram illustrating a state in
which specific map data to be read into the storage unit 1s
changed due to movement of the dump truck.

FIG. 13 1s a schematic diagram illustrating a state in
which specific map data to be read into the storage unit 1s
changed due to movement of the dump truck.

FIG. 14 1s a schematic diagram illustrating a state in
which specific map data to be read into the storage unit 1s
changed due to movement of the dump truck.

FIG. 15 1s a diagram schematically 1llustrating a plurality
of divided areas dividing a management area.

FIG. 16 1s a schematic diagram to describe a calculation
method for a divided map ID after change.

FIG. 17 1s a flowchart illustrating operation of a dump
truck at the time of generating map data according to a
second embodiment.

FIG. 18 1s a schematic diagram to describe operation of a
map storage database according to the second embodiment.

FIG. 19 1s a schematic diagram to describe processing to
calculate a logical sum of divided map data pieces Mlp
according to the second embodiment.

FI1G. 20 1s a schematic diagram 1llustrating a configuration
of a dump truck 2.

FI1G. 21 1s a schematic diagram 1llustrating a configuration
of a management system.

DESCRIPTION OF EMBODIMENTS

In the following, embodiments of the present invention
will be described with reference to the drawings, but the
present mvention 1s not limited thereto.

First Embodiment

Overview of Management System for Mining
Machine

FIG. 1 1s a view illustrating an exemplary management
system 1 for a work machine 4 according to a first embodi-
ment. In the first embodiment, an example will be described
in which the work machine 4 1s a mining machine operating
in a mine. In the following description, the work machine 4
will be suitably referred to as a miming machine 4. The work
machine 4 may not be a work machine operating 1n a mine.

The management system 1 performs management for the
mimng machine 4. Management for the mining machine 4
includes at least one of operational management for the
mimng machine 4, evaluation on productivity of a mining,
machine 4, evaluation on operation technique of an operator
of a mining machine 4, maintenance for a mining machine
4, and abnormality diagnosis for a mining machine 4.

The miming machine 4 1s a generic term for machinery
used in various kinds of work in a mine. The mining
machine 4 includes at least one of a boring machine, an
excavating machine, a loading machine, a hauling machine,
a crusher, and a vehicle operated by a worker. The excavat-
ing machine 1s a mining machine to excavate a mine. The
loading machine 1s a mining machine that loads matters to
be loaded on a hauling machine. The loading machine
includes at least one of a hydraulic excavator, an electric
excavator, and a wheel loader. The hauling machine includes
a moving body such as a dump truck movable in a mine and
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1s a mining machine to haul loaded matters. The loaded
matters include at least one of earth, sand, and ore generated
from mining work. The crusher crushes earth discharged
from the hauling machine.

In the first embodiment, an example will be described 1n
which the dump truck 2 provided as a hauling machine that
can travel 1n a mine 1s managed by the management system
1. As illustrated i FIG. 1, the dump truck 2 travels 1n a
workplace PA of the mine and at least a part of a hauling path
HL leading to the workplace PA. The workplace PA includes
at least one of a loading place LPA and a discharging place
DPA. The hauling path HL includes an intersection IS. The
dump truck 2 travels on a travel route RP set in the mine. An
object 1s provided beside the travel route RP. In the first
embodiment, 1t 1s assumed that the object provided beside
the travel route RP 1s a bank BK. Note that an object
provided beside the travel route RP may also be a wall or a
structure artificially manufactured. For example, the object
may include a metal or concrete.

The dump truck 2 1s a movable body movable 1n a mine.
The travel route RP 1s set 1n at least a part of the loading
place LPA, discharging place DPA, and hauling path HL.

The loading place LPA 1s an area where loading work to
load matters to be loaded onto the dump truck 2 1s per-
formed. The discharging place DPA 1s an area where dis-
charging work to discharge the loaded matters from the
dump truck 2 1s performed. In the first embodiment, a
crusher CR 1s provided 1n at least a part of the discharging
place DPA.

In the first embodiment, the dump truck 2 1s a so-called
unmanned dump truck that autonomously travels on the
travel route RP on the basis of a command signal from a
management device 10. Autonomous travel of the dump
truck 2 indicates traveling on the basis of a command signal
from the management device 10 without depending on
operation by a worker. Meanwhile, the dump truck 2 may
also be made to travel by operation of a worker.

In FIG. 1, the management system 1 includes the man-
agement device 10 disposed i a control facility 7 con-
structed 1n a mine, a communication system 9, a dump truck
2, a mining machine 3 that 1s a different mining machine 4
different from the dump truck 2. The management device 10
1s installed i the mine control facility 7 and substantially
stationary. Note that the management device 10 may also be
movable. The communication system 9 performs radio com-
munication for data or a command signal between the
management device 10, dump truck 2, and different mining
machine 3. The communication system 9 enables bidirec-
tional radio communication between the management
device 10 and the dump truck 2, between the management
device 10 and the different miming machine 3, and between
the dump truck 2 and the different mining machine 3. In the
first embodiment, the communication system 9 has a plu-
rality of repeaters 6 to relay data or a command signal (radio
wave).

In the first embodiment, a position of the dump truck 2
and a position of the different mining machine 3 are detected
by utilizing a real time kinematic-global navigation satellite
system (RTK-GNSS). The GNSS represents a global navi-
gation satellite system. A global positioning system (GPS) 1s
exemplified as an example of the global navigation satellite
system. The RTK-GNSS has a plurality of positioning
satellites 5. The RTK-GNSS detects a position defined by a
coordinate data including a latitude, a longitude, and an
altitude. The position detected by the RTK-GNSS 1s an

absolute position defined in the global coordinate system.
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With the RTK-GNSS, a position of the dump truck 2 and a
position of the different mining machine 3 in the mine are
detected.

In the following description, a position detected by the
RTK-GNSS will be suitably referred to as a GPS position.
The GPS position 1s an absolute position, and 1s coordinate
data including a latitude, a longitude, and an altitude. In the
RTK-GNSS, a positioning state 1s changed by influence of
at least one of arrangement of the positioning satellites 3, an
ionosphere, a troposphere, and a topography around an
antenna that receives data from each positioning satellite 5.
The positioning state includes a fix solution (accuracy from
+] cm to 2 ¢m), a float solution (accuracy from £10 cm to
several m), a single solution (accuracy of about £several m),
and a non-positioning state (impossible to perform position-
ing calculation).

In an XY coordinate system defined by an X-axis direc-
tion 1nside a horizontal plane and a Y-axis direction inside
the horizontal plane orthogonal to the X-axis direction, the
management system 1 manages a position and an azimuth
direction of the dump truck 2 and a position and an azimuth
direction of the different mining machine 3 in the mine. The
azimuth direction of the dump truck 2 and the azimuth
direction of the different mining machine 3 are managed by
setting the north at zero degrees, the east at 90 degrees, the
south at 180 degrees, and the west at 270 degrees. The
azimuth direction of the dump truck 2 and the azimuth
direction of the different mining machine 3 correspond to

advancing directions of the dump truck 2 and the different
mimng machine 3 which are traveling.

Management Device

Next, the management device 10 disposed in the control
tacility 7 will be described. The management device 10
transmits data and a command signal to a dump truck 2 and
receives data from the dump truck 2. As illustrated in FIG.
1, the management device 10 includes a computer 11, a
display device 16, an mput device 17, a radio communica-
tion device 18, and a GPS base station 19.

The computer 11 includes a processing device 12, a
storage device 13, and an input/output unit (1input/output
interface) 15. The display device 16, input device 17, radio
communication device 18, and GPS base station 19 are
connected to the computer 11 via the mput/output unit 15.

The processing device 12 executes various kinds of
processing related to management for a dump truck 2 and
various kinds of processing related to management for the
different mining machine 3. The processing device 12 pro-
cesses positional data of the dump truck 2 and positional
data of the different miming machine 3 acquired via the
communication system 9.

The processing device 12 sets a travel route RP on which
the dump truck 2 travels. The travel route RP 1s defined by
course data. The course data 1s a group of a plurality of
points 1n which absolute positions are defined respectively.
The processing device 12 functions as a course data gener-
ating unit that generates course data of the dump truck 2. The
processing device 12 generates the course data and sets the
travel route RP.

The storage device 13 i1s connected to the processing
device 12. The storage device 13 stores various kinds of data
related to management for the dump truck 2 and various
kinds of data related to management for the different mining,
machine 3. The storage device 13 stores positional data of
the dump truck 2 and positional data of the different mining,
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machine 3. The storage device 13 stores a computer program
in order to cause the processing device 12 to execute various

kinds of processing.

The display device 16 includes a flat panel display like a
liguid crystal display. The display device 16 can display
positional data of the dump truck 2 and positional data of the
different mining machine 3. The mput device 17 includes at
least one of a keyboard, a touch panel, and a mouse. The
input device 17 functions as an operation unit capable of
receiving an operation signal in the processing device 12.

The radio communication device 18 1s disposed in the
control facility 7. The radio communication device 18 1s a
part of the communication system 9. The radio communi-
cation device 18 1s connected to the processing device 12 via
the input/output unit 15. The radio communication device 18
has an antenna 18A. The radio communication device 18 can
receive data transmitted from at least one of the dump truck
2 and the different mining machine 3. The data received by
the radio communication device 18 1s output to the process-
ing device 12 and stored 1n the storage device 13. The radio
communication device 18 can transmit data to at least one of
the dump truck 2 and the different mining machine 3.

The GPS base station 19 1s disposed in the control facility
7. The GPS base station 19 includes: an antenna 19A that
receives data from the plurality of positioning satellites 5;
and a transmitter/receiver 19B connected to the antenna
19A. The transmitter/recetver 19B 1ncludes a receiver to
receive data from a positioning satellite 5 via the antenna
19A, a transmitter to transmit data to the dump truck 2 via
an antenna 19C, and an arithmetic processing device includ-
ing a microprocessor such as a central processing unit
(CPU), and a storage device having a memory such as a read
only memory (ROM) or a random access memory (RAM).
The transmitter/receiver 19B calculates a GPS position of
the GPS base station 19 on the basis of data received via the
antenna 19A, and generates correction observation data to
correct the GPS position of the dump truck 2. The trans-
mitter/recerver 19B transmits the correction observation
data to the dump truck 2 and the different mining machine
3 via the antenna 19C.

The computer 11 includes the put/output unit 15 for
communication, an arithmetic processing device having a
microprocessor such as a central processing umt (CPU) to
execute a control program, an external storage device such
as a read only memory (ROM) to store the control program,
a main storage device (internal storage device) such as a
random access memory (RAM) used as a work area of the
CPU, and an external storage device (auxiliary storage
device) such as a nonvolatile memory in which data is
registered by the CPU. The functions of the processing
device 12 are implemented by the CPU reading the control
program stored in the ROM and executing the same 1n the
work area of the RAM. The functions of the storage device
13 are implemented by the ROM storing the control program
and having the data registered 1n the nonvolatile memory by
the CPU. The nonvolatile memory includes at least one of a
flash memory and a hard disk drive and implements a
database 13B. Note that the functions of the processing
device 12 and the storage device 13 may also be imple-
mented by cooperation of a plurality of processing circuits.

Different Mining Machine

Next, a different miming machine 3 will be described. The
different mining machine 3 1s a mining machine other than
a dump truck 2 and actuated by operation of a worker. The
different miming machine 3 includes: a processing device
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including a central processing unit (CPU) and executing
various kinds of processing related to work content; a GPS
receiver to detect a GPS position; and a radio communica-
tion device to exchange data with the radio communication
device 18 of the control facility 7. In the different mining
machine 3, the radio communication device transmits a GPS

position to the radio communication device 18 of the control
facility 7 at a predetermined time interval.

Dump Truck

Next, a dump truck 2 will be described. FIG. 2 1s a control
block diagram of the dump truck 2 according to the first
embodiment. FIG. 3 i1s a hardware configuration diagram of
the dump truck 2 according to the first embodiment.

As 1llustrated 1n FIG. 3, the dump truck 2 includes a
vehicle body 21, a vessel 22, wheels 23, a non-contact
sensor 24, and a control system 30. The vehicle body 21 1s
provided with an internal combustion engine 2E like a diesel
engine, a generator 2G actuated by the internal combustion
engine 2E, and an electric motor 23M actuated by electric
power generated by the generator. The wheels 23 include
front wheels 23F and rear wheels 23R. The rear wheels 23R
are driven by the electric motor 23M. Meanwhile, power of
the internal combustion engine 2E may be transmitted to the
rear wheels 23R wvia a transmission including a torque
converter. Additionally, the vehicle body 21 1s provided with
a steering device 2S to steer the front wheels 23F. On the
vessel 22, matters to be loaded are loaded by a loading
machine. In discharging work, the vessel 22 1s lifted, and the
loaded matters are discharged from the vessel 22.

The non-contact sensor 24 1s disposed at a lower portion
of a front portion of the vehicle body 21. The non-contact
sensor 24 detects an object around the dump truck 2 in a
non-contact manner. The object around the dump truck 2
includes an object (obstacle) existing in the travel route RP
and an object (bank BK) existing beside the travel route RP.
The non-contact sensor 24 functions as an obstacle sensor
that detects an obstacle ahead of the dump truck 2 1n a
non-contact manner.

The non-contact sensor 24 can detect a relative position of
the object with respect to the non-contact sensor 24 (dump
truck 2). The non-contact sensor 24 includes a radar 24 A and
a laser sensor 24B. Resolution performance of the laser
sensor 24B 1s higher than resolution performance of the
radar 24 A.

The non-contact sensor 24 including the radar 24 A and
the laser sensor 24B 1s connected to a second communica-
tion line 37A of the control system 30. The laser sensor 24B
1s connected to a position measurement controller 33 of the

control system 30.

Control System for Work Machine

Next, the control system 30 for a work machine will be
described. FIG. 4 1s a diagram 1illustrating a part of map data
MI stored 1n a map storage database 36 of the control system
30 according to the first embodiment. FIG. § 1s an enlarged
view of a portion XIV 1 FIG. 4.

The control system 30 1s 1nstalled 1n a dump truck 2. The
control system 30 causes the dump truck 2 to autonomously
travel along the travel route RP. As illustrated in FIG. 3, the
control system 30 includes a gyro sensor 26, a speed sensor
27, a GPS receiver 31, a travel route generating device 32,
a position measurement controller 33, a travel controller 20,
the non-contact sensor 24, a radio communication device 34,
and the map storage database 36. Additionally, the control
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system 30 includes a first signal line 35, a second signal line
37, and a safety controller 40.

As 1llustrated in FIG. 3, the travel controller 20, travel
route generating device 32, position measurement controller
33, map storage database 36, and safety controller 40 are
connected to the first communication line 35. The travel
controller 20, travel route generating device 32, position
measurement controller 33, map storage database 36, and
satety controller 40 perform data communication via the first
communication line 35. The travel controller 20 and the
satety controller 40 are also connected to the second com-
munication line 37A. The travel controller 20 and the safety
controller 40 perform data communication via the second
communication line 37A. In the first embodiment, the com-
munication standards using the first communication line 35
and the second communication line 37A correspond to a

controller area network (CAN) standardized as ISO 11898
and ISO 11519.

The gyro sensor 26 detects an azimuth direction of the
dump truck 2 (change amount in azimuth direction). The
gyro sensor 26 1s connected to the travel controller 20. The
gyro sensor 26 outputs detection data to the travel controller
20. The travel controller 20 calculates an azimuth direction
(change amount 1n azimuth direction) of the dump truck 2 on
the basis of detection data obtained by the gyro sensor 26.

The speed sensor 27 detects a travel speed of the dump
truck 2. The speed sensor 27 detects a rotation speed of the
wheels 23 to detect the travel speed of the dump truck 2. The
speed sensor 27 1s connected to the travel controller 20. The
speed sensor 27 outputs detection data to the travel control-
ler 20. The travel controller 20 calculates a moved distance
of the dump truck 2 on the basis of detection data obtained
by the speed sensor 27 and time data measured by a timer
built inside the travel controller 20.

The GPS receiver 31 1s provided in the dump truck 2. The
GPS receiver 31 1s a position detecting device to detect an
absolute position (GPS position) of the dump truck 2. The
GPS recetver 31 1s connected to: an antenna 31A that
receives data from a positioning satellite 5; and an antenna
31B that receives correction observation data from the GPS
base station 19. The antenna 31A outputs, to the GPS
receiver 31, a signal based on data received from a posi-
tioning satellite 5. The antenna 31B outputs, to the GPS
receiver 31, a signal based on received correction observa-
tion data. The GPS receiver 31 detects a position of the
antenna 31A (GPS position) by using data from a position-
ing satellite 5 and correction observation data from the GPS
base station 19. The GPS receiver 31 finds a distance to an
arbitrary positioming satellite 5 by comparing data from the
positioning satellite 5 with the correction observation data
from the GPS base station 19, checks a phase of a radio wave
from the positioning satellite 5, and detects a position of the
antenna 31A.

The GPS receiver 31 detects a position of the dump truck
2 (GPS position) by detecting the position of the antenna
31A. In the course of detecting the position of the antenna
31A, the GPS recerver 31 detects any one of a fix solution,
a float solution, and a single solution to indicate detection
accuracy ol a GPS position on the basis of, for example, the
number of the positioning satellites 5 from which the
antenna 31A has received data.

In the first embodiment, a GPS position of a fix solution
has accuracy corresponding to accuracy with which the
dump truck 2 can perform autonomous travel. A GPS
position of the float solution and a GPS position of the single
solution have accuracy corresponding to accuracy with
which the dump truck 2 cannot perform autonomous travel.
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In a case of detecting any one of the fix solution, tfloat
solution, and single solution indicating the accuracy of a
detected GPS position, the GPS receiver 31 indicates accu-
racy of the GPS position and also outputs a positioning
signal to indicate a fact that the GPS position has been
subjected to positioming calculation. In a case where the GPS
position cannot be subjected to positioning calculation, the
GPS receiver 31 outputs a non-positioning signal indicating
a non-positioning state. A positioning signal or a non-
positioning signal 1s output to the travel controller 20 and the
position measurement controller 33 via the travel route
generating device 32.

As illustrated 1n FIG. 2, the travel route generating device
32 includes a route position storage unit 32A that stores
course data generated by the processing device 12 of the
management device 10. The travel route generating device
32 1s connected to the radio communication device 34 to
which an antenna 34A 1s connected. The radio communica-
tion device 34 can recerve a command signal or data
transmitted from at least one of the management device 10
and a mining machine 4 other than the own vehicle. The
mimng machine 4 other than the own vehicle includes: a
mimng machine 4 other than a dump truck 2 such as a boring,
machine, an excavating machine, a loading machine, a
hauling machine, and a vehicle driven by a worker; and a
dump truck 2 other than the own vehicle.

The radio communication device 34 receives the course
data transmitted from the radio communication device 18 of
the control facility 7 and positional data of the mining
machine 4 other than the own vehicle, and outputs the same
to the travel route generating device 32 and the position
measurement controller 33. The course data and the posi-
tional data of the mining machine 4 other than the own
vehicle are defined 1n the XY coordinate system. The travel
route generating device 32 receives the course data and the
positional data of the miming machine 4 other than the own
vehicle from the radio communication device 34 and stores
the same 1n the route position storage unit 32A. Additionally,
the travel route generating device 32 transmits, to the radio
communication device 18 of the control facility 7 via the
radio communication device 34, positional data and azimuth
direction data of the dump truck 2 corresponding to the own
device and detected by the travel controller 20 or a scan
matching navigation calculating unit 33B of the position
measurement controller 33. Furthermore, the travel route
generating device 32 1s connected to the first communication
line 35.

Each of the travel route generating device 32, travel
controller 20, and position measurement controller 33
includes a computer. These computers are actuated in accor-
dance with a read computer program.

The travel controller 20 recerves positional data indicating,
a GPS position of the dump truck 2 detected by the GPS
receiver 31 and positional data indicating an absolute posi-
tion of the dump truck 2 calculated by the scan matching
navigation calculating unit 33B of the position measurement
controller 33. The travel controller 20 causes the dump truck
2 to autonomously travel along the travel route RP defined
by the course data on the basis of at least one of the
positional data indicating the GPS position of the dump
truck 2 detected by the GPS recerver 31 and the positional
data indicating the absolute position of the dump truck 2
calculated by the scan matching navigation calculating unit
33B of the position measurement controller 33.

The travel controller 20 acquires not only the positional
data of the dump truck 2 but also azimuth direction data
indicating an azimuth direction (change amount 1n azimuth
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direction) of the dump truck 2, namely, detection data
obtained by the gyro sensor 26, and travel speed data
indicating a travel speed of the dump truck 2, namely,
detection data obtained by the speed sensor 27.

The travel controller 20 calculates a position and an
azimuth direction of the dump truck 2 on the basis of
positional data of the dump truck 2, namely, detection data
obtained by the GPS receiver 31, the travel speed data of the
dump truck 2, namely, the detection data obtained by the
speed sensor 27, and azimuth direction data of the dump
truck 2, namely, the detection data obtained by the gyro
sensor 26. The travel controller 20 detects the position and
the azimuth direction by integrating the travel speed,
namely, a detection result from the speed sensor 27 by using
time data from the timer on the basis of: a GPS position at
the time of receiving the GPS position from the GPS
receiver 31; and the azimuth direction, namely, a detection
result from the gyro sensor 26. The travel controller 20
converts the GPS position 1nto a position i the XY coor-
dinate system at any timing from among before detection,
during detection, or aiter detection of the position and the
azimuth direction.

The travel controller 20 controls at least one of an
accelerator, a braking device 23B, and the steering device 25
of the dump truck 2 such that the position of the dump truck
2 coincides with the travel route RP, in other words, the
dump truck 2 travels along the travel route RP. With such
control, the travel controller 20 causes the dump truck 2 to
travel along the travel route RP. The functions of the travel
controller 20 are implemented by the CPU reading the
control program stored in the ROM, and executing the
program 1n the work area of the RAM. Additionally, the
functions of the travel controller 20 may also be 1mple-
mented by cooperation of a plurality of processing circuits.

As 1llustrated 1n FIG. 2, the position measurement con-
troller 33 includes a determination unit 33A, the scan
matching navigation position calculating umt 33B, a map
data generating unit 33C, a storage unit 33D, an update unit
33E, and a positional data acquisition unit 33F.

The position measurement controller 33 1s connected to
the first communication line 35. The position measurement
controller 33 acquires, via the first communication line 35
and the travel controller 20, detection data obtained by the
gyro sensor 26 and detection data obtained by the speed
sensor 27. Furthermore, the position measurement controller
33 1s connected to the GPS receiver 31 via the radio
communication device 34, travel route generating device 32,
and first communication line 35. The position measurement
controller 33 acquires detection data obtained by the GPS
receiver 31.

When the dump truck 2 travels on the travel route RP, the
position measurement controller 33 generates map data MI
of the travel route RP including positional data of a bank
BK, and stores the same 1n the map storage database 36 on
the basis of positional data of the dump truck 2 detected by
the GPS recetver 31 and positional data of the bank BK
located outside the travel route RP and detected by the laser
sensor 24B.

The determination unit 33 A determines whether an error
of a GPS position detected by the GPS receiver 31 1s a
predetermined error or less. The determination unit 33A
determines whether a solution of the GPS position 1s a fix
solution. In a case where a solution of a GPS position 1s a
fix solution, the determination unit 33A determines that
accuracy of the detected GPS position of the dump truck 2
1s highly accurate and the error of the GPS position 1s the
predetermined error or less. In a case where a solution of a
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GPS position 1s a float solution or a single solution or 1n a
case where a GPS position 1s 1n a non-positioning state, the
determination unit 33A determines that: accuracy of the
detected GPS position of the dump truck 2 has low accuracy;
and the error of the GPS position exceeds the predetermined
error. Meanwhile, the predetermined error 1s an error (accu-
racy) ol a GPS position with which the dump truck 2 can
autonomously travel along the travel route RP by dead
reckoning navigation described later. In the first embodi-
ment, the GPS receiver 31 detects a GPS position and a
solution, but another device (such as the determination unit
33A) may also detect a solution.

When the determination unit 33 A determines that an error
of a GPS position of the dump truck 2 detected by the GPS
receiver 31 1s the predetermined error or less, the map data
generating unit 33C detects a position of at least one or more
banks BK located outside the loading place LPA, outside the
discharging place DPA, and outside the hauling path HL on
the basis of a detection result obtained by the gyro sensor 26,
a detection result obtained by the speed sensor 27, and a
detection result obtained by the laser sensor 248, and stores
positional data of the bank BK 1n the map storage database
36 as map data MI of the travel route RP. The map data
generating unit 33C integrates the position and azimuth
direction of the dump truck 2 detected by the determination
unit 33A with the detection result obtained by the laser
sensor 24B, and detects a position of the bank BK by
deleting a detection result other than the bank BK from the
integrated data. Additionally, the map data generating unit
33C performs saving in the map storage database 36. As
illustrated 1 FIGS. 4 and 5, the map data MI indicates a
position in the XY coordinate system formed of grids GR
that section a mine 1nto square shapes (rectangular or square
shapes) each having a predetermined size 1n a planar view,
and further indicates whether a bank BK exists 1n each grnid
GR. Each grid GR of the map data MI includes binary data
(1 bit data), namely, “0” or “1” indicating whether a bank
BK exists. As illustrated in FIG. 4 and FIG. 5, 1n the first
embodiment, 1n a case where there 1s a bank BK, each gnid
GR of the map data MI indicates the bank with a black
square as “1”” 1n the drawing, and 1n a case where there 1s no
bank BK, each grid GR indicates the fact with a white square
as “0” i the drawing.

The map storage database 36 stores the positional data of

a bank BK as map data MI of the travel route RP. The map
storage database 36 1s connected to the first communication
line 35. The map storage database 36 1s an external storage
device (auxiliary storage device) including at least one of a
read only memory (ROM), a flash memory, and a hard disk
drive. When the determination unit 33 A determines that an
error of a GPS position of the dump truck 2 detected by the
GPS recerver 31 1s the predetermined error or less, the map
storage database 36 extracts a detection result related to a
bank BK surrounding the travel route RP from a detection
result obtained by the laser sensor 24B, and stores the
extracted detection result related to the bank BK as the map
data MI of the travel route RP. Every time the map data
generating unit 33C detects a detection result, the map
storage database 36 stores the detection result detected by
the map data generating unit 33C as the map data MI. In the
first embodiment, every time the map data generating unit
33C performs detection, the map data MI stored in the map
storage database 36 1s overwritten, but not limited thereto.

The storage unit 33D 1s a main storage device (internal
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The update unit 33E causes the storage unit 33D to read
at least a part of the map data MI stored 1n the map storage
database 36.

When the determination unit 33 A determines that an error
of a GPS position of the dump truck 2 detected by the GPS
receiver 31 exceeds the predetermined error, the scan match-
ing navigation calculating unit 33B calculates a position and
an azimuth direction of the dump truck 2 on the basis of a
detection result obtained by the gyro sensor 26, a detection
result obtained by the speed sensor 27, and a detection result
obtained by the laser sensor 24B, and map data MI read into
the storage unit 33D from the map storage database 36 and
stored 1n the storage unit 33D.

The positional data acquisition unit 33F acquires posi-
tional data indicating an absolute position of the dump truck
2. The positional data indicating an absolute position of the
dump truck 2 is detected by the GPS receirver 31. Further-
more, the positional data indicating the absolute position of
the dump truck 2 is calculated by the scan matching navi-
gation calculating unit 33B. The positional data acquisition
unmit 33F acquires the positional data indicating the absolute
position of the dump truck 2 from at least one of the GPS
receiver 31 and the scan matching navigation calculating
unit 33B.

Additionally, when the travel route generating device 32
receives the course data from the radio transmission device
34, the position measurement controller 33 transmits, to the
radio communication device 18 of the control facility 7 via
the radio communication device 34, the positional data and
the azimuth direction data of the dump truck 2 correspond-
ing to the own vehicle and detected by the GPS receiver 31
or the scan matching navigation calculating unit 33B.

Furthermore, as illustrated in FIG. 2, the position mea-
surement controller 33 includes an observation point coor-
dinate conversion umt 38 and an observation point avail-
ability determination unit 39. The observation point
coordinate conversion unit 38 converts, into the XY coor-
dinate system, a position of a detection result obtained by the
laser sensor 24B and indicated by coordinates defined by a
direction and a distance from the laser sensor 24B. The
position of the detection result having the coordinates sub-
jected to conversion by the observation point coordinate
conversion unit 38 1s defined by not only an X-axis direction
and a Y-axis direction but also by a height direction (Z axis
direction) orthogonal to the X-axis direction and the Y-axis
direction. The observation point availability determination
unit 39 acquires, from the route position storage unit 32A,
positional data of a mining machine 4 other than the own
vehicle. The observation point availability determination
unit 39 removes, from the detection result having the coor-
dinates subjected to conversion by the observation point
coordinate conversion unit 38, various kinds of noise, a
detection result related to a height equal to or less than a
predetermined height from the ground surface, and a detec-
tion result estimated to be obtained by detecting a mining
machine 4 other than the own vehicle. The observation point
availability determination unit 39 combines a detection
result obtained by a grid GR with a detection result obtained
by the laser sensor 24B from which the noise has been
removed. The observation point availability determination
unit 39 outputs the combined detection result to both of the
map data generating unit 33C and the scan matching navi-
gation calculating unit 33B.

The safety controller 40 obtains a relative position
between the dump truck 2 and an object (obstacle) on the
basis of detection signals from the radar 24A and the laser
sensor 24B, and outputs the relative position to the travel
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controller 20. The travel controller 20 generates a command
to control at least one of the accelerator, braking device 23B,

and steering device 2S by using the relative position relative
to the object, controls the dump truck 2 on the basis of the
command, and prevents the dump truck 2 from colliding
with the object.

Additionally, the travel controller 20 outputs a command
to cause the travel controller 20 to control the braking device
23B adapted to stop the vehicle body 21 1n a case where the
determination unit 33 A that a solution of the GPS position
1s a float solution or a single solution or 1n a case where a
GPS position continues to be a non-positioning state for a
predetermined time or more and the scan matching naviga-
tion calculating unit 33B can acquire only a detection result
from the laser sensor 24B with estimated accuracy and
reliability lower than a predetermined value and predeter-
mined reliability with reference to the map data M1 stored in
the map storage database 36.

Travel Mode of Dump Truck 2

Next, exemplary travel modes of the dump truck 2 accord-
ing to the first embodiment will be described. FIG. 6 1s an
exemplary flowchart of the control system 30 according to
the first embodiment. FIG. 7 1s an exemplary tlowchart in
step ST4 of FIG. 6. FIG. 8 1s an exemplary flowchart in step
ST6 of FIG. 6.

In a case of making the dump truck 2 travel along the
travel route RP, the processing device 12 transmits a com-
mand signal to the travel route generating device 32 and the
position measurement controller 33 of the dump truck 2 via
the radio communication device 18. The command signal
includes travel condition data indicating travel conditions of
the dump truck 2 and positional data of a miming machine 4
other than the own wvehicle. The travel condition data
includes course data generated by the processing device 12
and travel speed data of the dump truck 2. The travel route
generating device 32 stores, 1 the route position storage unit
32A, the course data and the positional data of the mining
machine 4 other than the own vehicle out of the command
signal transmitted from the processing device 12 via the
communication system 9. When the travel route generating
device 32 receives the command signal from the processing
device 12, the position measurement controller 33 transmuts,
to the processing device 12, positional data and azimuth
direction data of the dump truck 2 corresponding to the own
vehicle via the radio communication device 34. The travel
controller 20 controls travel of the dump truck 2 by con-
trolling the accelerator, braking device 23B, and steering
device 2S of the dump truck 2 on the basis of the command
signal from the processing device 12.

In the first embodiment, the management device 10 makes
the dump truck 2 travel along the travel route RP in
exclusive three travel modes. A first travel mode 1s a dead
reckoning navigation travel mode in which the dump truck
2 1s made to travel on the basis of the dead reckoning
navigation. A second travel mode 1s a GPS travel mode in
which the dump truck 2 1s made to travel on the basis of
detection data obtained by the GPS receiver 31. A third
travel mode 1s a scan matching navigation travel mode in
which positional data indicating an absolute position of the
dump truck 2 1s calculated on the basis of map data MI and
detection data obtained by the non-contact sensor 24, and the
dump truck 2 1s made to travel on the basis of the calculated
positional data of the dump truck 2. In the scan matching
navigation travel mode, the positional data of the dump truck
2 1s calculated 1n the scan matching navigation calculating
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unit 33B. In the case of making the dump truck 2 travel in
the scan matching navigation travel mode, map data gener-
ating processing 1s performed, and map data MI generated 1n
the map data generating processing 1s stored in the map
storage database 36.

The dead reckoning navigation 1s a navigation 1n which a
current position of an object (dump truck 2) is estimated on
the basis of an azimuth direction (change amount in azimuth
direction) and a moved distance from a known position. The
azimuth direction (change amount in azimuth direction) of
the dump truck 2 1s detected by using the gyro sensor 26
disposed 1n the dump truck 2. The moved distance of the
dump truck 2 1s detected by using the speed sensor 27
disposed 1n the dump truck 2. A detection signal from the
gyro sensor 26 and a detection signal from the speed sensor
2’7 are output to the travel controller 20 of the dump truck 2.

The travel controller 20 can obtain an azimuth direction
(change amount in azimuth direction) of the dump truck 2
from a known start point on the basis of a detection signal
from the gyro sensor 26. The travel controller 20 can obtain
a moved distance of the dump truck 2 from the known start
point on the basis of a detection signal from the speed sensor
277. The travel controller 20 controls a control amount related
to travel of the dump truck 2 on the basis of a detection
signal from the gyro sensor 26 and a detection signal from
the speed sensor 27 such that the dump truck 2 travels in
accordance with course data set for the travel route RP. The
control amount includes an accelerator signal, a braking
signal, and a steering signal. The travel controller 20 con-
trols travel (operation) of the dump truck 2 on the basis of
the steering signal, accelerator signal, and braking signal.

When a travel distance of the dump truck 2 by the dead
reckoning navigation becomes long, an error may be caused
between an estimated position (position estimated) and an
actual position due to accumulation of detection errors of
one or both of the gyro sensor 26 and the speed sensor 27.
As a result, the dump truck 2 may travel in a manner
deviated from the course data generated by the processing
device 12. In the first embodiment, the travel controller 20
makes the dump truck 2 travel while correcting, by using
GPS positional data detected by the GPS receiver 31 and
positional data calculated by the scan matching navigation
calculating unit 33B, a position (estimated position) of the
dump truck 2 derived (estimated) by the dead reckoning
navigation.

In other words, 1n the first embodiment, the dump truck 2
1s made to travel by combining the dead reckoning naviga-
tion travel mode with at least one of the GPS travel mode
and the scan matching navigation travel mode. Meanwhile,
the dump truck 2 may travel only 1n the dead reckonming
navigation travel mode, may travel only 1n the GPS travel
mode, or may travel only 1n the scan matching navigation
travel mode.

The travel controller 20 calculates a control amount,
which 1s related to travel of the dump truck 2 and includes
a correction amount to correct a position of the dump truck
2, on the basis of a detection signal from the gyro sensor 26,
a detection signal from the speed sensor 27, and a GPS
position from the GPS receiver 31, or a position detected by
the scan matching navigation calculating unit 33B such that
the dump truck 2 travels along the travel route RP defined by
course data. The travel controller 20 controls travel (opera-
tion) of the dump truck 2 on the basis of the calculated
correction amount and control amount such that the dump
truck 2 travels along the travel route RP.

The travel controller 20 of the control system 30 executes
step ST1 1n which the dump truck 2 i1s made to travel by the
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dead reckoning navigation in accordance with the course
data set 1n the travel route RP on the basis of a GPS position
of the dump truck 2 detected by the GPS receiver 31. In the
first embodiment, the travel controller 20 makes the dump
truck 2 travel in at least a part of the loading place LPA,
discharging place DPA, and hauling path HL in accordance
with the course data generated by the processing device 12
of the management device 10 and the travel condition data
including a travel speed (target travel speed) set by the
processing device 12.

Next, the determination unit 33 A of the position measure-
ment controller 33 executes step ST2 1n which determination
1s made on whether an error of a GPS position of the dump
truck 2 detected by the GPS receiver 31 1s a predetermined
error or less. In other words, 1n step ST2, the determination
unit 33 A of the position measurement controller 33 deter-
mines whether accuracy of the GPS position of the dump
truck 2 detected by the GPS receiver 31 1s highly accurate.
More specifically, the determination unit 33 A of the position
measurement controller 33 determines whether a solution of
the GPS position detected by the GPS receiver 31 1s a fix
solution. The determination unit 33A of the position mea-
surement controller 33 determines that the solution of the
GPS position detected by the GPS receiver 31 1s a fix
solution, 1n other words, an error of the GPS position of the
dump truck 2 detected by the GPS receiver 31 1s the
predetermined error or less (step ST2: Yes), 1t 1s determined
whether a state of the dump truck 2 1s 1n a state of
deteriorating accuracy of the map data MI, in other words,
whether data related to a position of a detected bank BK
deteriorates accuracy of the map data MI stored 1n the map
storage database 36 (step ST3). More specifically, 1n the first
embodiment, the determination unit 33A of the position
measurement controller 33 determines whether the travel
speed of the dump truck 2 is zero on the basis of a detection
signal from the speed sensor 27, 1n other words, whether the
dump truck 2 having the state of the dump truck 2 being 1n
the state of deteriorating the accuracy of the map data MI 1s
stopped. The reason 1s that: in the case where the dump truck
2 with the travel speed of zero 1s stopped, noise may be
mixed mto the map information MI due to dust and the like
generated from operation of a mining machine 4 other than
the own vehicle, and accuracy of the map information MI
may be deteriorated.

In the case where the determination unit 33A of the
position measurement controller 33 determines that the
dump truck 2 1s not stopped, 1n other words, determines that
the state of the dump truck 2 1s not in the state of deterio-
rating accuracy of the map data MI (step ST3: No), the map
data generating processing 1s performed by the map data
generating unit 33C. The map data generating unit 33C
generates the map data MI (step ST4). In other words, 1n a
case of determining that an error of the GPS position
detected by the GPS receiver 31 1s the predetermined error
or less, the position measurement controller 33 executes step
ST4 to make the dump truck 2 autonomously travel in
accordance with course data stored in the route position
storage unit 32A on the basis of the GPS position of the
dump truck 2 detected by the GPS receiver 31, and also
extract a detection result related to a bank BK from a
detection result obtained by the laser sensor 24B, and then
stores the extracted detection result related to the bank BK
in the map storing database 36 as the map data MI of the
travel route RP. More specifically, first, the observation point
coordinate conversion unit 38 converts, mto a position of
coordinates indicated by X-Y coordinates, a position of a
detection result obtained by the laser sensor 24B and indi-
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cated by coordinates defined with a direction and a distance
from the laser sensor 24B (Step ST41).

The observation point availability determination unit 39
extracts the detection result related to the bank BK from the
detection result having coordinates converted by the obser-
vation point coordinate conversion unit 38 (step ST42). At
the time of extracting the detection result related to the bank
BK, the observation point availability determination umt 39
first removes various kinds of noise from the detection result
having the coordinates converted by the observation point
coordinate conversion unit 38.

The observation point availability determination unit 39
combines the detection result subjected to removal of vari-
ous kinds of noise with a detection result 1n which a position
1s 1ndicated 1n the XY coordinate system and the grids GR
cach having a predetermined size are included. The obser-
vation point availability determination unit 39 outputs the
combined detection result to both of the map data generating
unmit 33C and the scan matching navigation calculating unit
33B. The map data generating unit 33C of the position
measurement controller 33 stores, as the map data MI of the
travel route RP 1n the map storage database 36, the position
of the bank BK that is the detection result combined by the
observation point availability determination unit 39 (step
ST43). Furthermore, with execution of step ST1 to step ST4,
the control system 30 continues extracting a detection result
related to a bank BK from a detection result obtained by the
laser sensor 24B and storing the extracted detection result
related to the bank BK as the map data MI of the travel route
RP while an error of a GPS position of the dump truck 2
detected by the GPS receiver 31 is the predetermined error
or less and the speed sensor 27 detects that the dump truck
2 1s not stopped, in other words, while 1t 1s determined that
the state of the dump truck 2 1s not in the state of deterio-
rating accuracy of the map data MI.

When the determination unit 33A of the position mea-
surement controller 33 determines that the dump truck 2 1s
stopped, 1 other words, determines that the state of the
dump truck 2 is 1n the state of deteriorating accuracy of the
map data MI (step ST3: Yes), storing the map data MI 1s
suspended (step ST10), and the processing returns to step
ST1. Thus, the ROM (external storage device) 333 of the
position measurement controller 33 stores a program that
causes the position measurement controller 33, namely, a
computer to execute steps ST3, ST4, and ST10. When the
determination unit 33 A determines that the state of the dump
truck 2 1s in the state of deteriorating accuracy of the map
data MI (step ST3: Yes), the control system 30 suspends
storing the map data MI (step ST10) and returns to the step
ST1, and with this processing, the map storage database 36
suspends storing the map data MI of the travel route RP
while the speed sensor 27 detects that the dump truck 2 1s
stopped, 1n other words, while 1t 1s determined that the state
of the dump truck 2 1s in the state of deteriorating accuracy
of the map data MI.

Furthermore, when the determination unit 33A of the
position measurement controller 33 determines that a solu-
tion of a GPS position detected by the GPS receiver 31 1s not
a fix solution, in other words, determines that an error of the
GPS position of the dump truck 2 detected by the GPS
receiver 31 exceeds the predetermined error (step ST2: No),
it 1s determined whether the state of the dump truck 2 1s 1n
the state of deteriorating position measurement accuracy, in
other words, whether data related to a position of a bank BK
and detected by the grid map generating unit 33C deterio-
rates position measurement accuracy stored in the map
storage database 36 (step S15). More specifically, in the first
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embodiment, the determination unit 33A of the position
measurement controller 33 determines whether the travel
speed of the dump truck 2 is zero on the basis of a detection
signal from the speed sensor 27, 1n other words, determines
whether the dump truck 2 having the state of the dump truck
2 being 1n the state of deteriorating position measurement
accuracy 1s stopped. The reason 1s that: 1n a case where the
dump truck 2 with the travel speed of zero 1s stopped, noise
may be mixed in the detection result obtained by the laser
sensor 24B due to dust and the like generated from operation
of a mining machine 4 other than the own vehicle, and
position measurement accuracy of the scan matching navi-
gation calculating unit 33B may be deteriorated. Addition-
ally, the reason 1s that the position of the dump truck 2 1s not
changed 1n the case where the dump truck 2 with the travel
speed of zero 1s stopped.

In a case where the determination unmt 33 A of the position
measurement controller 33 determines that the dump truck 2
1s not stopped, i other words, determines the state of the
dump truck 2 is not in the state of deteriorating position
measurement accuracy (step STS: No), the scan matching,
navigation calculating unit 33B calculates a position and an
azimuth direction of the dump truck 2 on the basis of
detection data obtained by the laser sensor 24B and the map
data MI stored 1n the map storage database 36 and read into
the storage unit 33D, and makes the dump truck 2 travel by
the scan matching, nawgatlon along the travel route RP (step
ST6). In other words, 1n a case of determmmg that an error
of a GPS position detected by the GPS receiver 31 exceeds
the predetermined error, the position measurement control-
ler 33 matches a detection result obtained by the laser sensor
24B with the map data MI stored in the map storage database
36 and detects a position and an azimuth direction of the
dump truck 2.

More specifically, the observation point coordinate con-
version unit 38 converts, into a position of X-Y coordinates,
the position of the detection result obtained by the laser
sensor 24B and indicated by the coordinates defined by the
direction and the distance from the laser sensor 24B (step
ST61). The observation point availability determination unit
39 extracts a detection result related to a bank BK from the
detection result having the coordinates converted by the
observation point coordinate conversion unit 38 (step ST62).
Meanwhile, 1n step ST61, performed 1s processing same as
step ST41, and 1n step ST62, performed 1s processing same
as step ST42, and therefore, a detailed description therefor
will be omitted.

The scan matching navigation calculating unit 33B thins
the detection result by passing, through an 1solation filter, the
detection result having noise removed by the observation
point availability determination unit 39 (step ST63). More
specifically, among the detection result having noise
removed by the observation point availability determination
unit 39, the scan matching navigation calculating unit 33B
leaves only a detection result of a position distant 1 a
predetermined distance, and removes other detection results.
With the processing of step ST63, the detection result
obtained by the laser sensor 24B can be reduced to about one
fifth to one sixth.

The scan matching navigation calculating unit 33B inte-
grates, by a particle filter PF, detection data obtained by the
gyro sensor 26, detection data obtained by the speed sensor
277, detection data obtained by the laser sensor 24B, and map
data MI stored 1n the map storage database 36 and read into
the storage umt 33D, and calculates a position and an
azimuth direction of the dump truck 2 (step ST64). A
plurality of calculated positions and a plurality of calculated
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azimuth directions are used as a plurality of positions and a
plurality of azimuth directions calculated 1 step STé641

when step ST6 1s executed next.

Additionally, the scan matching navigation calculating
unit 33B executes the dead reckoning navigation by using
the detected position and azimuth direction (step ST1) and
the position measurement controller 33 controls travel (op-
eration) ol the dump truck 2 such that the dump truck 2
travels along the travel route RP 1n a case where the
calculated position and azimuth direction of the dump truck
2 do not fall under any one of: those detected from a
detection result detected by the laser sensor 24B during
breakage: those detected from a detection result detected by
the gyro sensor 26 during breakage; those detected from the
number of detection results less than the predetermined
number obtained by the laser sensors 24B; those having
reliability less than predetermined reliability; those having
likelihood less than a predetermined value; those having
estimation accuracy lower than a predetermined value, those
in which a position and an azimuth direction based on the
dead reckoning navigation are deviated larger than a prede-
termined value; and those detected by using map data MI
having a problem. Thus, with execution of steps ST1, ST2,
STS, and ST6, the control system 1 continues detecting a
position and an azimuth direction of the dump truck 2 by
matching a detection result obtained by the laser sensor 24B
with map data MI of the travel route RP stored in the map
storage database 36 and the travel controller 20 makes the
dump truck 2 travel along the travel route RP on the basis of
the position and azimuth direction of the dump truck 2
detected by the position measurement controller 33 while
detecting that an error of a GPS position of the dump truck
2 detected by the GPS recerver 31 exceeds the predeter-
mined error and also while the speed sensor 27 detects that
the dump truck 2 1s not stopped, 1n other words, while 1t 1s
determined that the state of the dump truck 2 is not 1n the
state ol deteriorating position measurement accuracy.

When the determination unit 33A of the position mea-
surement controller 33 determines that the dump truck 2 1s
stopped, 1n other words, determines that the state of the
dump truck 2 1s in the state of deteriorating position mea-
surement accuracy (step ST5: Yes), the processing returns to
step ST1. When the determination unit 33 A determines that
the state of the dump truck 2 1s 1n the state of deteriorating,
position measurement accuracy (step STS: Yes), the pro-
cessing returns to step ST1, and with this processing, the
position measurement controller 33 suspends detecting a
position and an azimuth direction of the dump truck 2 by
matching the detection result obtained by the laser sensor
24B with the map data MI of the travel route RP stored 1n
the map storage database 36 while the speed sensor 27
detects that the dump truck 2 1s stopped, in other words,
while 1t 1s determined that the state of the dump truck 2 1s
in the state of deteriorating the position measurement accu-
racy.

Operation of Dump Truck in Scan Matching
Navigation Travel

As described above, 1n a case where a dump truck 2
travels on the travel route RP, a position of the dump truck
2 derived by the dead reckoning navigation 1s corrected by
a GPS position detected by the GPS recerver 31 or an
absolute position calculated by the scan matching navigation
calculating unit 33B. In the following description, control-
ling travel of the dump truck 2 by using a GPS position,
namely, detection data detected by the GPS receiver 31 will



US 10,768,634 B2

19

be suitably referred to as GPS travel, and controlling travel
of a dump truck 2 by using an absolute position calculated
by the scan matching navigation calculating unit 33B will be
suitably referred to as scan matching navigation travel.

The dump truck 2 includes: the GPS receiver 31 func-
tiomng as a position detecting device to detect a GPS
position of the dump truck 2; and the laser sensor 24B
functioning as a non-contact sensor to detect, in a non-
contact manner, the travel route RP on which the dump truck
2 travels and a bank BK that 1s an object beside the travel
route RP. The map data generating unit 33C generates map
data MI of the travel route RP in the mine including a bank
BK on the basis of detection data obtained by the GPS
detector 31 and detection data obtained by the laser sensor
24B. The map data MI generated by the map data generating
unit 33C 1s stored 1n the map storage database 36. The map
data generating processing 1s performed when an error of a
GPS position of the dump truck 2 detected by the GPS
receiver 31 1s the predetermined error or less.

When the scan matching navigation travel 1s performed,
the map data MI stored in the map storage database 36 1s
read into the storage unit 33D having an operation speed
higher than that of the map storage database 36. The scan
matching navigation calculating unit 33B matches the map
data MI read into the storage unit 33D from the map storage
database 36 with the detection data obtained by the laser
sensor 24B, and calculates a position of the dump truck 2.
The travel controller 20 functioning as a travel control unit
makes the dump truck 2 travel on the basis of the position
of the dump truck 2 calculated by the scan matching
navigation calculating unit 33B and the travel route RP
(course data) set by the processing device 12 and the travel
route generating device 32.

In the scan matching navigation travel, mn a case of
attempting to cause the storage unmit 33D to read all of pieces
of map data MI accumulated 1n the map storage database 36,
it 1s necessary to increase a capacity ol the storage unit
(RAM) 33D. In the scan matching navigation travel of the
dump truck 2, only a piece of map data MI around the
traveling dump truck 2 1s to be matched with detection data
DR2 actually detected by the laser sensor 24B out of the
pieces ol map data MI stored 1n the map storage database 36.
When all of the pieces of the map data MI stored 1n the map
storage database 36 are read into the storage unit 33D, a load
to be subjected to calculation processing (extraction pro-
cessing) 1s mcreased at the time of extracting only the piece
of map data MI around the traveling dump truck 2.

In the first embodiment, a management map data MIm
indicating a predetermined area (management area) of the
mine generated by the map data generating unit 33C 1s
divided 1nto a plurality of divided map data pieces MlIp. The
predetermined area (management area) 1s an area where the
dump truck 2 operates. A divided map data piece Mlp
indicates each of the plurality of divided areas set by
dividing the management area of the mine. The plurality of
divided map data pieces Mlp 1s stored 1in the map storage
database 36 provided as a first storage unit. In the scan
matching navigation travel, the update unit 33E determines
specific map data MIf from among the plurality of divided
map data pieces MlIp stored 1n the map storage database 36
on the basis of positional data acquired by the positional data
acquisition unit 33F and indicating an absolute position of
the dump truck 2, and causes the storage unit 33D provided
as a second storage unit to read the determined specific map
data MIT. The scan matching navigation calculating unit 33B
matches the specific map data MITf read into the storage unit
33D with detection data obtained by the laser sensor 24B,
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and calculates an absolute position of the dump truck 2. The
travel controller 20 controls travel of the dump truck 2 on the
basis of the absolute position of the dump truck 2 calculated
by the scan matching navigation calculating unit 33B such
that the dump truck 2 travels 1 accordance with the set
course data.

FIG. 9 1s a diagram illustrating an exemplary management
arca. The management area 1s a predetermined area in the
mine. As illustrated in FIG. 9, a travel route RP including a
plurality of hauling paths HL. and a plurality of intersections
IS are set in the management area. An outline of the
management area 1s substantially rectangular.

FIG. 10 1s a diagram 1llustrating examples of management
map data MIm, divided map data pieces Mlp, and specific
map data MIf. As illustrated 1n FIG. 10, the management
map data MIm indicating the management area 1s divided
into a plurality of divided map data pieces MlIp. A shape of
cach divided area 1s substantially square.

Specific map data MIT 1s determined on the basis of
positional data indicating an absolute position of the dump
truck 2 acquired by the positional data acquisition umt 33F.
The absolute position of the dump truck 2 1s detected by the
GPS detector 31. Additionally, the absolute position of the
dump truck 2 1s calculated by the scan matching navigation
calculating unit 33B. The positional data acquisition unit
33F acquires the positional data of the dump truck 2 from at
least one of the GPS detector 31 and the scan matching
navigation calculating unit 33B.

A specific map indicated by the specific map data MIT 1s
determined so as to include a current position (absolute
position) of the dump truck 2. In the example illustrated in
FIG. 10, the spec1ﬁc map data MITf 1s an aggregate of mine
divided map data pieces MIp The spec1ﬁc map data MIT
includes: a divided map data piece Mlp1 indicating a divided
area where dump truck 2 exists; and divided map data pieces
respectively indicating a plurality of (eight) divided areas
arranged around the divided area where the dump truck 2
exi1sts.

A divided map data piece Mlp 1s defined by a plurality of
orids GR. An absolute position of each of the plurality of
orids GR 1s defined. In the global coordinate system, coor-
dinate data of each of the plurality of grids GR 1n the XY
coordinate system 1s known data. Identification data (ID) 1s
assigned to each of the plurality of grids GR. Additionally,
identification data (ID) 1s also assigned to each of the
plurality of divided areas. For the sake of convenience,
illustration of the grids GR 1s omitted 1n FIG. 10.

Next, exemplary operation of the dump truck 2 in the scan
matching navigation travel will be described. FIG. 11 15 a
flowchart 1llustrating exemplary operation of the dump truck
2 1n the scan matching navigation travel.

In the map storage database 36, map data MI generated 1n
the map data generating processing is stored. The map data
MI stored in the map storage database 36 includes: man-
agement map data MIm generated by the map data gener-
ating unit 33C on the basis of detection data obtained by the
GPS detector 31 and detection data obtained by the laser
sensor 24B; and divided map data pieces MIp set by dividing
the management map data MIm.

Positional data indicating a current absolute position of
the dump truck 2 traveling on the travel route RP 1s detected
by the GPS receiver 31 or the scan matching navigation
calculating unit 33B. The update unit 33E of the position
measurement controller 33 pinpoints a current position of
the dump truck 2 and a grid GR corresponding to the current
position of the dump truck 2 on the basis of positional data
of the dump truck 2 acquired by the positional data acqui-
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sition unit 33F. The update unit 33E acquires an ID of the
orid GR indicating the current position of the dump truck 2
and an ID of the divided area including the grnid ID (step
ST70).

The update unit 33E determines the specific map data MIt
from among the plurality of divided map data pieces Mlp
stored 1n the map storage database 36 on the basis of the 1D
of the divided area pinpointed from the detection data
obtained by the GPS detector 31, and causes the storage unit
33D to read the specific map data MIT (step ST71). As
described above, 1n the first embodiment, the specific map

data MI p1 1indicating

1 includes: a divided map data piece M.
a divided area where the dump truck 2 exists; and divided
map data pieces MlIp respectively indicating a plurality of
divided areas arranged around the divided area where the
dump truck 2 exists. The nine divided map data pieces Mlp
indicating respective nine adjacent divided areas are read
into the storage unit 33D as the specific map data MIT.

The scan matching navigation calculating unmit 33B
matches the specific map data MITf read into the storage unit
33D with detection data obtained by the laser sensor 24, and
calculates an absolute position of the dump truck 2 (step
ST72). The travel controller 20 controls travel of the dump
truck 2 on the basis of the absolute position of the dump
truck 2 calculated by the scan matching navigation calcu-
lating unit 33B such that the dump truck 2 travels 1in
accordance with the course data set by the processing device
12 (Step ST73).

With travel of the dump truck 2, a current position of the
dump truck 2 1s changed, and a grid GR indicating the
current position of the dump truck 2 and a divided area
including the grid GR are changed after performing a step of
estimating the position of the own vehicle by the scan
matching navigation or dead reckoning navigation. The
update unit 33E determines, on the basis of positional data
indicating a current absolute position of the dump truck 2
acquired by the positional data acquisition unit 33F, whether
the divided area where the current position of the dump truck
2 belongs to 1s changed, 1n other words, whether a divided
map ID where the dump truck 2 exists 1s changed (step
ST74).

In the case where 1t 1s determined in step ST74 that the
divided map ID 1s not changed (step ST74: No), controlling
travel of the dump truck 2 1s continued.

In the case where 1t 1s determined 1n step ST74 that the
divided map ID 1s changed (step ST74: Yes), the update unit
33E calculates a divided map ID after the change (step
ST75).

The update unit 33E determines specific map data MIT
from among the plurality of divided map data pieces Mlp
stored 1n the map storage database 36 on the basis of the
calculated divided area ID, and causes the storage unit 33D
to read the determined specific map data MIt (Step ST76).

Similar to step ST71, the specific map data MIT includes:
a divided map data piece MlIp1 indicating a divided area
where the dump truck 2 exists; and divided map data pieces
MlIp respectively indicating a plurality of divided areas
arranged around the divided area where the dump truck 2
exists. The nine divided map data pieces MIp indicating
respective nine adjacent divided areas are read into the
storage unit 33D as the specific map data MIT.

The scan matching navigation calculating umit 33B
matches the specific map data MITf read into the storage unit
33D with detection data obtained by the laser sensor 24, and
calculates an absolute position of the dump truck 2 (step
ST77). The travel controller 20 controls travel of the dump
truck 2 on the basis of the absolute position of the dump
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truck 2 calculated by the scan matching navigation calcu-
lating unit 33B such that the dump truck 2 travels 1n
accordance with the course data set by the processing device
12 (Step ST78).

After that, the above-described processing 1s repeated.

FIGS. 12, 13, and 14 are schematic diagrams illustrating
states 1n which specific map data MIT to be read into the
storage unit 33D is changed due to movement of the dump
truck 2. FIGS. 12, 13, and 14 illustrate the states 1n which the
dump truck 2 1s moved from a divided area Ap1 to a divided
area Ap3 via a divided area Ap2. The divided area Apl 1is
adjacent to the divided area Ap2. The divided area Ap2 is
adjacent to the divided area Ap3. The divided area Ap3 1is
adjacent to the divided area Ap2 m an advancing direction
of the dump truck 2 being moved from the divided area Apl
to the divided area Ap2. The update unit 33E can pinpoint a
divided area Ap where the dump truck 2 exists on the basis
of detection data obtained by the GPS detector 31.

In the state 1llustrated in FIG. 12, in other words, 1n the
state 1n which the dump truck 2 exists 1n the divided area
Apl, specific map data MI1l to be read into the storage unit
33D includes: a divided map data piece Mlp 1ndlcat1ng the
divided area Apl; and a divided map data piece Mlp
indicating each of a plurality of divided areas Ap adjacent to
the divided area Apl and arranged around the divided area
Apl. In the state where the dump truck 2 exists in the
divided area Apl, the specific map data MIfl to be read into
the storage unit 33D includes the nine divided map data
pieces Mlip.

In the state illustrated 1in FIG. 13, in other words, 1n the
state 1n which the dump truck 2 exists 1n the divided area
Ap2, specific map data MI12 to be read into the storage unit
33D includes: a divided map data piece Mlp indicating the
divided area Ap2; and divided map data pieces MlIp respec-
tively indicating a plurality of divided areas Ap adjacent to
the divided area Ap2 and arranged around the divided area
Ap2. In the state where the dump truck 2 exists in the
divided area Ap2, the specific map data MIf2 to be read into
the storage unit 33D includes the nine divided map data
pieces Mlip.

In the state illustrated in FIG. 14, 1n other words, 1n the
state 1n which the dump truck 2 exists 1n the dwlded area
Ap3, specific map data MI13 to be read into the storage unit
33D includes: a divided map data piece Mlp indicating the
divided area Ap3; and divided map data pieces MlIp respec-
tively indicating a plurality of divided areas Ap adjacent to
the divided area Ap3 and arranged around the divided area
Ap3. In the state where the dump truck 2 exists in the
divided area Ap3, the specific map data MIf3 to be read into
the storage unit 33D includes the nine divided map data
pieces Mlp.

As 1llustrated 1 FIGS. 12, 13, and 14, the specific map
data MIf1 to be read into the storage unit 33D 1n the state 1n
which the dump truck 2 exists in the divided area Apl, the
specific map data MI12 to be read into the storage unmit 33D
in the state 1n which the dump truck 2 exists in the divided
area Ap2, and the specific map data MIi3 to be read into the
storage unit 33D 1n the state 1n which the dump truck 2 exists
in the divided area Ap3 are diflerent. Thus, the update unit
33E changes the specific map data MIf to be read into the
storage unit 33D on the basis of detection data obtained by
the GPS detector 31.

When the update unit 33E determines that the dump truck
2 1s moved from the divided area Apl to the divided area
Ap2 on the basis of positional data of the dump truck 2
acquired by the positional data acquisition unit 33F, the
update unit 33E causes the storage unit 33D to read the
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specific map data MIf2, and changes the specific map data
MIT to be stored 1n the storage unit 33D from the specific
map data MIf1 to the specific map data MIf2. Consequently,
the specific map data MITf stored 1n the storage unit 33D 1s
updated from the specific map data MIf1 to the specific map
data MI12.

Similarly, when the update unit 33E determines that the
dump truck 2 1s moved from the divided areca Ap2 to the
divided area Ap3 on the basis of positional data of the dump
truck 2 acquired by the positional data acquisition umt 33F,
the update unit 33E causes the storage unit 33D to read the
specific map data MI13 and changes the specific map data
MIT to be stored 1n the storage unit 33D from the specific
map data MI{2 to the specific map data MI13. Censequently,,
the specific map data MITf stored 1n the storage unit 33D 1s
updated from the specific map data MIf2 to the specific map
data MI13.

As 1llustrated in FIGS. 12, 13, and 14, as the dump truck
2 travels, a divided map data piece MlIp indicating a divided
area Ap located 1n an advancing direction (front side of the
advancing direction) of the dump truck 2 1s sequentially read
into the storage unit 33D as specific map data MIf, and a
divided map data piece Mlp indicating a divided area Ap
located 1n an opposite direction of the advancing direction
(rear side of the advancing direction) of the dump truck 2 1s
sequentially erased from the storage unit 33D.

For example, when the dump truck 2 1s moved from the
divided area Apl1 to the divided area Ap3 via the divided area
Ap2, 1n a state 1n which the dump truck 2 exists in the
divided area Apl as illustrated in FIG. 12, a divided map
data piece Mlp indicating a divided area Ap4 located in the
advancing direction of the dump truck 2 with respect to the
divided area Ap3 1s not yet read 1into the storage unit 33D and
being stored 1n the map storage database 36. As illustrated
in FIG. 13, when 1t 1s determined that the dump truck 2 1s
moved from the divided area Apl to the divided area Ap2
and then the dump truck 2 1s moved from the divided area
Apl to the divided area Ap3 via the divided area Ap2, the
update unit 33E causes the storage unit 33D to read a divided
map data piece MlIp stored 1n the map storage database 36
and indicating the divided area Ap4.

Furthermore, as 1llustrated in FIGS. 13 and 14, when 1t 1s
determined that the dump truck 2 1s moved from the divided
areca Ap2 to the divided area Ap3 and then the dump truck
2 1s moved from the divided areca Ap2 to the divided area
Apd4 via the divided area Ap3, the update unit 33E causes the
storage unit 33D to read a divided map data piece MlIp stored
in the map storage database 36 and indicating a divided area
ApS5 located 1n the advancing direction of the dump truck 2
with respect to the divided area Ap4.

Additionally, as illustrated 1n FIGS. 13 and 14, when 1t 1s
determined that the dump truck 2 1s moved from the divided
area Apl to the divided area Ap2, the update unit 33E erases,
from the storage umt 33D, the divided map data piece Mlp
stored 1n the storage unit 33D and indicating the divided area
Ap5S located 1n the opposite direction of the advancing
direction of the dump truck 2 with respect to the divided area
Apl.

As illustrated 1n FIGS. 12, 13, and 14, contents in the
specific map data MIf1, contents 1n the Speelﬁe map data
MIf2, and contents in the specific map data MII3 are
different. On the other hand, each of the specific map data
MIf1, specific map data MIi2, and specific map data MIL3
includes data amounts of mine divided map data pieces MlIp.
In other words, the data amount of the specific map data
MIf1, data amount of the specific map data MIf2, and data
amount of the specific map data MIf3 are equal. In the first
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embodiment, the update unit 33E performs: processing to
cause the storage unit 33D to read at least part of the divided
map data pieces MlIp stored in the map storage database 36;
and processing to erase at least part of the divided map data
pieces MIp stored 1n the storage unit 33D 1n accordance with
position change ol the dump truck 2, such that the data
amount of specific map data MITf stored 1n the storage unit
33D 1s kept at a constant value even though the dump truck
2 1s moved around plurality of divided areas Ap.

Next, an exemplary calculation method (processing in
step ST75) for a divided map ID after the divided map 1D 1s
changed due to movement of the dump truck 2 will be
described with reference to FIGS. 15 and 16. FIG. 15 15 a
diagram schematically illustrating a plurality of divided
areas dividing the management area. FIG. 16 1s a schematic
diagram to describe the calculation method for a divided
map ID after change.

As 1llustrated 1n FI1G. 15, the management area 1s divided
into a plurality of divided areas. As for divided areas that
divide the management area, the divided areas correspond-
ing to first number of divisions are arranged in an X-axis
direction and the divided areas corresponding to second
number of divisions are arranged 1n a Y-axis direction. In the
example 1llustrated in FIG. 15, the management area
includes a plurality of divided maps, and twelve thereof are
arranged 1n the X-axis direction within an XY plane and
seven thereol are arranged 1n the Y-axis direction orthogonal
to the X-axis direction within the XY plane. In other words,
the management area 1s divided into a plurality of divided
areas “1” to “84”. Each of divided areas 1s assigned with a
number in ascending order 1n the X-axis direction in incre-
ments of one.

The update unmit 33E constantly calculates an ID of a
divided area where the dump truck 2 exists, and 1n a case of
determining that an ID of a divided area 1s changed to an ID
of an adjacent divided area, the update unit 33E acquires the
ID of the divided area after the change.

In the XY coordinate system, an ID of a divided area at
a certain coordinate value (X, y) can be calculated only by
four arithmetic operations as 1llustrated in Expressions (1),
(2) and (3). Expression (1) 1s an expression to calculate an
index 1n the X-axis direction. Expression (2) 1s an expression
to calculate an index 1n the Y-axis direction. Expression (3)
1s an expression to calculate an index of a data matrx.

indX=(int)(x—cx)/Re+w/2.0 (1)

indY=(int)(v—cv)/Re+h/2.0 (2)

ind=wxind Y+immdX (3)

In Expressions (1), (2) and (3), ¢x and cy represent center
coordinates of a divided area in the global coordinate
system. Re represents a resolution of a divided map data
piece. w represents the first number of divisions in the
X-axis direction by the divided areas in the management
area. h indicates the second number of divisions in the Y-axis
direction by the divided areas 1n the management area.

As 1llustrated in FIG. 16, 1n a case where nine divided
arcas are adjacent to each other centering a divided area
having coordinate data (or ID) set to “1” and the dump truck
2 exists 1n this central divided area, coordinate data in each
of e1ght divided areas adjacent to the central divided area can
be calculated at a high speed only by the four arithmetic
operations using the first number of divisions w. As 1llus-
trated 1n FIG. 16, a coordinate value of a divided area
adjacent on an +X side of the central divided area 1s “1+1”,
a coordinate value of a divided area adjacent on an —X side
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of the same 1s “1-1", a coordinate value of a divided area
adjacent on a +Y side of the same 1s “1+w”, and a coordinate

value of a divided area adjacent on a —Y side of the same 1s
“1—-w””. Additionally, a coordinate value of a divided area
adjacent on the +X side of the divided area having the
coordinate value of “1+w” 1s “1+w+1”, and a coordinate
value of a divided area adjacent on the —X side of the same
1s “1+w-1"". Furthermore, a coordinate value of a divided
area adjacent on the +X side of the divided area having an
ID of “1-w” 1s “1—-w+1”°, and a coordinate value of a divided
area adjacent to the —X side of the same 1s “1—w-1"". Thus,
the update unit 33E can determine, on the basis of the
coordinate value “1” and the first number of divisions w of
the divided area Where the dump truck 2 exists, specific map
data MIf to be read into the storage umt 33D after a
coordinate value of a divided map and an ID assigned 1n a
manner correlated to the coordinate value are changed.

Meanwhile, 1n the examples illustrated 1n FIG. 15 and
FIG. 16, an example of assigning each divided area with
coordinate data (or ID) by numbering the divided areas 1n
the ascending order in the X-axis direction in increments of
one. Since each of the divided areas 1s assigned with
coordinate data (or ID) by numbering the divided areas 1n
the ascending order in the Y-axis direction in increments of
one, the update unit 33D can determine specific map data
MIf to be read into the storage unit 33D on the basis of
coordinate data of a divided area where the dump truck 2
exists within the XY plane and the second number of
divisions h.

Functions and Eflects

As described above, according to the first embodiment, a
management area 1s divided into a plurality of divided maps,
a plurality of divided map data pieces MlIp indicating
respectwe maps of the plurality of divided areas are stored
in the map storage database 36, and specific map data MIf
1s determined from among the plurahty of divided map data
pieces MlIp stored in the map storage database 36 on the
basis of positional data indicating an absolute value of a
dump truck 1 and acquired by the positional data acquisition
unit 33F, and therefore, only the specific map data MIT
indicating a map around the dump truck 2 necessary for the
scan matching navigation can be read into the storage unit
33D from among the plurality of divided map data pieces
MIp stored in the map storage database 36. Consequently,
the scan matching navigation travel can be performed by
calculating a position of the dump truck 2 by using the
specific map data MITf read into the storage unit 33D without
increasing the capacity of the storage unit 33D and a load of
the calculation processing.

Additionally, according to the first embodiment, the
update unit 33E changes specific map data MIT to be read
into the storage unit 33D on the basis of detection data
obtained by the GPS detector 31, and therefore, even when
the dump truck 2 travels on the travel route RP, only specific
map data MIf around the dump truck 2 necessary for the
scan matching navigation travel can be constantly read into
the storage umt 33D, and data unnecessary for the scan
matching navigation travel 1s prevented from being read 1nto
the storage unit 33D.

Furthermore, according to the first embodiment, specific
map data MII to be read into the storage unit 33D includes
a plurality of divided map data pieces MlIp indicating
adjacent divided areas. When it 1s determined that the dump
truck 2 1s moved from one divided area to the other divided

N B
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updates the specific map data MIf on the basis of detection
data obtained by the GPS receiver 31. Since update timing
for the specific map data MITf 1s defined at the timing when
the dump truck 2 1s moved from one divided area to the other
divided area, only the specific map data MIf minimum
necessary for the scan matching navigation travel can be
constantly used.

Moreover, according to the first embodiment, in a case
where the dump truck 2 1s moved from a divided area Apl
to a divided area Ap3 via a divided area Ap2, the update unit
33E causes the storage unit 33D to Sequentlally read, as
specific map data MIf, a divided map data piece Mlp
indicating a divided area Ap on a front side of an advancing
direction of the dump truck 2, and therefore, specific map
data MIf necessary for the scan matching navigation travel
can be stored in the storage unit 33D.

Additionally, according to the first embodiment, the
update unit 33E sequentially erases, from the storage unit
33D, a divided map data piece Mlp indicating a divided area
Ap located on a rear side of the advancing direction of the
dump truck 2, and therefore, a data amount to be stored 1n
the storage unit 33D can be suppressed from being
increased.

Furthermore, according to the first embodiment, specific
map data MIT includes: a divided map data piece Mlp
indicating a divided area where the dump truck 2 exists; and
divided map data pieces MlIp respectively indica‘[ing a
plurality of divided areas arranged around the divided area
where the dump truck 2 exists. Consequently, specific map
data MIf necessary and suflicient for the scan matching
navigation travel 1s stored 1n the storage unit 33D.

Furthermore, according to the first embodiment, the
update unit 33D performs: processing to cause the storage
umt 33D to read at least part of the divided map data pleces
MIp stored in the map storage database 36; and processmg
to erase at least part of the divided map data pieces MlIp
stored 1n the storage unit 33D, such that the data amount of
specific map data MIT stored in the storage unit 33D 1s kept
at a constant value Consequently, specific map data MIf
necessary and suflicient for the scan matching navigation
travel can be stored in the storage unit 33D while the data
amount to be stored in the storage unit 33D 1s suppressed.

Furthermore, according to the first embodiment, the
update unit 33E calculates and determines specific map data
MITf to be read into the storage unit 33D at a high speed on
the basis of at least one of a coordinate value of a divided
arca where the dump truck 2 exists, the first number of
divisions number w, and the second number of divisions h.

Second Embodiment

A second embodiment will be described. In the following
description, a constituent element same or equivalent to that
of an above-described first embodiment will be denoted by
a same relerence sign, and a description therefor will be
simplified or omaitted.

In the above-described first embodiment, described 1s a
method of suppressing: increase in a capacity of a storage
unit 33D provided as a second storage unit; and increase in
a data amount. In the second embodiment, a description will
be given for a method of suppressing: increase in a data
amount of the map storage database 36 provided as a first
storage unit; and increase in a capacity.

Dump Truck Operation 1n Generating Map Data

FIG. 17 1s a flowchart illustrating operation of a dump
truck 2 at the time of generating map data MI according to
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the second embodiment. FIG. 18 1s a schematic diagram to
describe operation of the map storage database 36 according
to the second embodiment.

The map storage database 36 stores divided map data
pieces Mlp generated 1n map data generating processing
during a past predetermined period. In other words, the
divided map data pieces MlIp generated on the basis of
detection data obtained by a GPS detector 31 and detection
data obtained by a laser sensor 24B acquired during the past
predetermined period are stored 1in the map storage database
36.

The dump truck 2 that has been stopped 1n a parking lot
1s started (step ST80). When the dump truck 2 1s started and
a position measurement controller 33 1s started up, an update
unit 33E determines whether an elapsed time from when
divided map data pieces MlIp are generated during the past
predetermined period and stored 1n the map storage database
36 cxceeds a prescribed time (step ST81). A plurality of
divided map data pieces Mlp 1s stored in the map storage
database 36. As for each of the plurality of divided map data
pieces Mlp, the update unit 33E determines whether the
clapsed time from generating thereof exceeds the prescribed
time. The prescribed time 1s, for example, three days.

In the map storage database 36, each of the plurality of
divided map data pieces MlIp 1s converted into a file, and
managed 1n a folder. As illustrated in FIG. 18, the divided
map data pieces MIp of which the elapsed time from
generating thereol does not exceed the prescribed time are
stored 1n a new folder. The divided map data pieces Mlip of
which the elapsed time from generating thereof exceeds the
prescribed time are stored 1n an old folder.

In the example illustrated in FIG. 18, three divided map
data pieces (file 1, file 2, and file 3) generated during a past
predetermined period (second period) are stored in a new
tolder, and three divided map data pieces (file 2, file 3, and
file 4) generated during a period (first period) before the past
predetermined period (second period) are stored in an old
folder.

The file 1 corresponds to a divided map data piece Mlp
indicating a first divided area out of a plurality of divided
arcas. The file 2 corresponds to a divided map data piece
MIp indicating a second divided area out of the plurality of
divided areas. The file 3 corresponds to a divided map data
piece MlIp indicating a third divided area out of the plurality
of divided areas. The file 4 corresponds to a divided map
data piece MIp indicating a fourth divided area out of the
plurality of divided areas.

The file 2 stored 1n the new folder and the file 2 stored in
the old folder are the divided map data pieces MIp indicating,
the same divided area (second divided area). The file 3
stored in the new folder and the file 3 stored in the old folder
are the divided map data pieces Mlp indicating the same
divided area (third divided area).

In step ST81, as for each of the plurality of divided map
data pieces Mlp (file 1, file 2, file 3) generated during the
past predetermined period and stored in the new folder, the
update unit 33E determines whether an elapsed time from
generating thereot exceeds the prescribed time. In a case of
determining 1n step ST81 that there 1s a divided map data
piece MlIp of which an elapsed time from generating thereof
exceeds a certain time (step ST81: Yes), the update unit 33E

moves the divided map data pieces Mlp stored in the new
tolder to the old folder (step ST82).

As 1llustrated 1 FIG. 18, all of the plurality of divided

map data pieces Mlp stored 1n the new folder, specifically,
all of the file 1, file 2, and file 3 are moved from the new
folder to the old folder. When the file 1, file 2, and file 3
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stored 1n the new folder are moved to the old folder, the file
1 1s stored 1n the old folder. A file 2 that has been stored 1n
the old folder 1s updated (overwritten) with the folder 2 that
has been just moved from the new folder to the old folder.
A file 3 that has been stored in the old folder 1s updated
(overwritten) with the folder 3 that has been just moved from
the new folder to the old folder. A file 4 that has been stored
in the old folder 1s continuously kept as 1t 1s.

Thus, at least a part of divided map folders Mlp generated
during the past first period and stored 1n the old folder of the
map storage database 36 are updated with the divided map
data pieces MIp generated during the second period after the
first period.

In a case of determining in step ST81 that there 1s no
divided map data piece MlIp of which an elapsed time from
generating thereof exceeds the certain time (step ST81: No)
or 1n a case where the processing of step ST82 1s finished,
the dump truck 2 starts work 1n a mine (step ST83). The
dump truck 2 travels on a travel route RP.

When the dump truck 2 travels, a position measurement
controller 33 detects a bank BK with a laser sensor 24B
while acquiring positional data of the dump truck 2 from a
positional data acquisition unit 33F. A map data generating
unit 33C of the position measurement controller 33 gener-
ates a divided map data piece MIp on the basis of detection
data obtained by a GPS receiver 31 and detection data
obtained by the laser sensor 24B. The generated divided map
data piece MlIp 1s stored in a new folder of the map storage
database 36.

A travel controller 20 determines whether to perform scan
matching navigation travel (step ST84).

In the case of determining in step ST84 not to perform the
scan matching navigation travel but to perform GPS ftravel
(step ST84: No), map data generating processing 1s contin-
ued. The update unit 33E stores, 1n a new folder, the divided
map data piece MIp generated by using the laser sensor 24B
(step ST85).

In a case where 1t 1s determined 1n step ST84 that the GPS
travel 1s impossible and the scan matching navigation travel
1s to be performed (step ST84: Yes), the update unit 33E
integrates the divided map data piece MlIp stored 1n the old
folder with a divided map data piece MlIp stored 1n the new
folder (step ST86). The divided map data piece stored in the
new folder includes a divided map data piece Mlp being
generated 1n real time by using the laser sensor 24B.

As described with reference to FIG. 18, 1n a case where
a file stored in the old folder and a file stored in the new
folder are divided map data pieces indicating the same
divided area, integrating the divided map data piece Mlp
stored 1n the old folder with the divided map data piece MlIp
stored 1n the new folder includes: updating (overwriting) the
file 1n the old folder with the file of the new folder; and
keeping a file that exists in only any one of the new folder
and the old folder, without erasing and updating the file.

Additionally, integrating the divided map data piece Mlp
stored 1n the old folder with the divided map data piece MlIp
stored 1n the new folder includes calculating a logical sum
of: a divided map data piece Mlp generated for a certain
divided area during the past first period and stored 1n the old
folder; and the divided map data piece MIp generated for the
same divided area during the second period after the first
period.

FIG. 19 1s a schematic diagram to describe processing to
calculate a logical sum of divided map data pieces Mlp. A
file A1 that 1s a divided map data piece generated during the
past first period for a certain divided area Apa 1s stored 1n an
old folder. A file A2 that 1s a divided map data piece
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generated during the second period after the first period for
the same divided area Apa 1s stored 1n a new folder.

Each of the file Al and the file A2 1s defined by a plurality
of grids GR. A coordinate value at X-Y coordinates 1is
assigned to each of the plurality of grids GR. A coordinate
value of a grid GR 1ndicates an absolute position in a global
coordinate system. The file A1 and the file A2 correspond to
divided map data pieces i the same divided area Apa.
Therefore, for example, a coordinate value (x1, y1) of the
file A1 and a coordinate value (x1, y1) of the file A2 indicate
the same position. Additionally, data included 1n each of the
coordinate values of the file Al and the file A2 1s binary data
(1 bit data) indicating existence of a bank BK.

As an example, the file Al includes pieces of binary data
indicating that a bank BK exists 1n coordinate values (x3,
vl), (x2, v2), (x2, v3), (x3, v4), and (x3, y5). The file A2
includes pieces of binary data indicating that a bank BK
exists 1 coordinate values (x2, v1), (x2, v2), (x3, v3), (x3,
v4), and (x3, y5).

Alogical sum of the file A1 and the file A2 1s a logical sum
ol coordinate values indicating the same position. Therefore,
as 1llustrated 1n FIG. 19, the integrated divided map data
pieces indicating the logical sum of the file A1 and the file
A2 includes the pieces of binary data indicating that the bank
BK exists at the coordinate values (x2, yv1), (x3, v1), (x2,
v2), (x2, v3), (x3, v3), (x3, v4), and (X3, y5).

After the integrated divided map data pieces indicating
the logical sum of the file Al and the file A2 are generated,
a position calculating unit 33B matches the integrated
divided map data pieces (logical sum) with detection data
obtained by the laser sensor 24B to calculate a position of
the dump truck 2 in the divided area Apa. The travel
controller 20 makes the dump truck 2 perform the scan
matching navigation travel on the basis of the position of the
dump truck 2 calculated by the position calculating unit 33B
and the set course data (step ST87).

Functions and Effects

As described above, according to the second embodiment,
as for a divided map data piece MlIp stored in the map
storage database 36, whether an elapsed time from gener-
ating thereof exceeds a prescribed time (e.g., three days) 1s
determined, and generated divided map data pieces MlIp are
grouped per prescribed time and stored in one folder for
management. Divided map data pieces MIp generated dur-
ing a past first period (e.g., period from six days ago to three
days ago while setting a present time as a reference) are
stored 1n an old folder of the map storage database 36, and
divided map data pieces MlIp generated during a second
period after the first period (e.g., period from three days ago
to the present time while setting the present time as the
reference) are stored 1n a new folder. The divided map data
pieces MIp generated during the first period are updated
with the divided map data pieces Mlp generated during the
second period. Consequently, the old divided map data
pieces are erased while the latest divided map data pieces are
left as it 1s, and therefore, increase 1in a data amount to be
stored 1n the map storage database 36 1s suppressed.

Additionally, mining work 1s performed 1n a mine, and a
position or shape of a loading place LPA, a position or shape
of a discharging place DPA, and a position or shape of a
hauling path HL are changed day by day. Therefore, there 1s
a high possibility that an old divided map data piece 1is
deviated from a current state of a divided area. According to
the second embodiment, since erasing 1s executed 1n order
from the oldest divided map data piece, a divided map data
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piece to be stored in the map storage database 36 is pre-
vented from being deviated from the state of the current

divided area.

Additionally, according to the second embodiment, the
file 4 not existing 1n the new folder but existing in the old
folder 1s kept as it 1s as described with reference to FIG. 18.
Consequently, it 1s possible to efliciently utilize data of the
file 4 that cannot be acquired during the second period.
According to the second embodiment, 1n a case of perform-
ing the scan matching navigation travel, divided map data
pieces 1n an old folder and divided map data pieces 1n a new
folder are integrated. In the example illustrated in FI1G. 18,
the scan matching navigation travel 1s performed by using
data of the file 1, file 2, file 3, and file 4. Consequently, the
scan matching navigation travel can be performed in a wide
range of the mine.

Furthermore, according to the second embodiment, 1 a
case where a divided map data piece (file) indicating a same
divided area exists in each of both a new folder and an old
tolder, a logical sum of a file of the old folder and a file of
the new folder 1s calculated. Consequently, reliability of the
divided map data piece 1s improved, and the scan matching
navigation travel can be performed with high accuracy.

Meanwhile, 1n the second embodiment, a file existing 1n
an old folder but not existing in a new folder 1s kept as 1t 1s
in the old folder. As for an elapsed time from generating, a
second prescribed time (e.g., one month) longer than a
prescribed time may be set, and a file of which an elapsed
time from generating thereol exceeds the second prescribed
time may be erased. Consequently, excessively old divided
file data 1s prevented from continuously existing in the old

folder.

Other Embodiments

Meanwhile, according to respective embodiments
described above, a map storage database 36 1s disposed 1n a
dump truck 2 as illustrated in a schematic diagram of FIG.
20, and a divided map data piece generated 1n map data
generating processing 1s managed 1n the map storage data-
base 36 disposed in the dump truck 2 and used for scan
matching navigation travel. As illustrated in a schematic
diagram of FIG. 21, the map storage database 36 to store and
manage a divided map data piece may also be provided 1n a
computer 11 of a control facility 7 disposed at a position
different from the dump truck 2. For example, an external
storage device of a storage device 13 of the computer 11 may
function as the map storage database 36. A divided map data
piece generated 1 the map data generating processing
performed by the dump truck 2 1s wirelessly transmitted to
the computer 11 of the management facility 7 via a com-
munication system 9. In a case where the scan matching
navigation travel 1s executed 1n the dump truck 2, specific
map data MIf determined from among a plurality of divided
map data pieces stored in the external storage device of the
storage device 13 of the computer 11 1s wirelessly supplied
to a storage unit 33D of the dump truck 2 via the commu-
nication system 9.

Meanwhile, according to the above-described respective
embodiments, detection data obtained by a laser sensor 24B
ol a non-contact sensor 24 1s used during the scan matching
navigation travel and 1n the map data generating processing.
The detection data obtained by a radar 24A of the non-
contact sensor 24 may also be used 1n at least one of the scan
matching navigation travel and the map data generating
processing. Note that the non-contact sensor 24 may be any
ranging sensor as far as being capable of measuring a
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relative position with respect to an object around the dump
truck 2. For example, as the non-contact sensor 24, a camera

that acquires an optical image of an object around the dump
truck 2 may also be used.

The constituent elements of the respective embodiments
described above may include those readily conceivable by a
person skilled in the art, those substantially identical, and
those included 1n a so-called equivalent scope. Additionally,
the constituent elements of the respective embodiments
described above can be suitably combined. Additionally,
some of the constituent elements may not be used.

Meanwhile, 1n the above-described embodiments, an
example 1n which a work machine 1s a mining machine used
in a mine has been described, but not limited thereto, the
present invention may also be applicable to a work machine
used 1n an underground mine or a work machine used 1n a
work site on the ground. The work machine includes a
mimng machine.

Additionally, 1n the above embodiment, a position of a
mimng machine 1s detected by using a GPS detector, but not
limited thereto, a position of a mining machine can also be
detected on the basis of a known “position detecting device”.
Particularly, since a GPS cannot be detected in an under-
ground mine, seli-position estimation or the like may be
used for a work machine using known position detecting
devices such as an indoor messaging system (IMES), a
pseudo satellite (pseudolite), a radio frequency identifier
(RFID), a beacon, a surveying instrument, a radio LAN, an
ultra wide band (UWB), a simultaneous localization and
mapping (SLAM), and a landmark (mark provided beside a
travel route). These position detecting devices may also be
used for a mining machine in a mine on the ground or a work
machine used 1n a work site on the ground.

While the example in which corrected observation infor-
mation using a GPS base station 19 1s utilized to detect a
GPS position has been described in the embodiments, a
position may also be detected singularly by a GPS recetver
31 of a dump truck 2. Additionally, in the above-described
embodiments, whether an error (accuracy) of a GPS position
1s a predetermined error or less may also be determined on
the basis of only the GPS receiver 31 of the dump truck 2
without using the corrected observation information of the
GPS base station 19.

Furthermore, as an exemplary “control system for a work
machine”, a control system for a dump truck 1n a mine on the
ground has been described in the above embodiments, but
not limited thereto, the present mvention also includes a
control system for a different mining machine 1n a mine on
the ground, a work machine in an underground mine, or a
work machine used 1n a work site on the ground (such as an
excavator, a bulldozer, and a wheel loader) and 1including a
“position detecting device”, a “non-contact sensor”, and a
“position calculating unit™.

REFERENCE SIGNS LIST

1 Management System

2 Dump Truck (Mining Machine)
2E Internal Combustion Engine
2y Generator

2S Steering Device

3 Dafferent Mining Machine

4 Mining Machine

5 Positioning Satellite

6 Repeater

7 Control Facility

9 Communication System
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10 Management Device

11 Computer

12 Processing Device (Course Data Generating Unit)

13 Storage Device

13B Database

15 Input/Output Unait

16 Display Device

17 Input Device

18 Radio Commumnication Device

18 A Antenna

19 GPS Base Station

19A Antenna

19B Transmitter/Receiver

19C Antenna

20 Travel Controller (Travel Control Unait)

21 Vehicle Body

22 Vessel

23 Wheel

23B Braking Device

23F Front Wheel

23M Electric Motor

23R Rear Wheel

24 Non-Contact Sensor

24 A Radar

248 Laser Sensor

260 Gyro Sensor

27 Speed Sensor

30 Control System

31 GPS Recerver (Position Detecting Device)

31A Antenna

31B Antenna

32 Travel Route Generating Device

32 A Route Position Storage Unait

33 Position Measurement Controller

33 A Determination Unait

33B Scan Matching Navigation Calculating Unit (Posi-
tion Calculating Unait)

33C Map Data Generating Unait

33D Storage Unit (Second Storage Unit)

33E Update Umnt

33F Positional Data Acquisition Unait

34 Radio Communication Device

34 A Antenna

35 First Signal Line

36 Map Storage Database

37A Second Communication Line

38 Observation Point Coordinate Conversion Unit

39 Observation Point Availability Determination Unait

40 Safety Controller

BK Bank

CR Crusher

DPA Discharging Place

GR Gnd

HL Hauling Path

IAH Radiation Area

IAV Radiation Area

IS Intersection

KF Kalman Filter

LPA Loading Place

MI Map Data

MIT Specific Map Data
MIm Management Map Data
MIp Divided Map Data Piece

RP Travel Route
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The 1nvention claimed 1s:

1. A control system for a work machine, comprising:

a position detecting device configured to detect a position
ol a work machine that travels on a travel route;

a non-contact sensor configured to detect, 1n a non-contact
manner, an object beside the travel route on which the
work machine travels:

a map data generating umt configured to generate man-
agement map data indicating a map of a management
area 1 a mine on the basis of detection data obtained
by the position detecting device and detection data
obtained by the non-contact sensor;

a first storage unit configured to store divided map data
pieces each indicating a map of a divided area set by
dividing the management area;

a second storage unit different from the first storage unait;

an update unit configured to determine, on the basis of
detection data obtained by the position detecting
device, specific map data from among a plurality of
divided map data pieces stored in the first storage unit,
and cause the second storage unit to read the specific
map data; and

a position calculating unit configured to calculate a posi-
tion of the work machine by matching the specific map
data read into the second storage unit with detection
data obtained by the non-contact sensor.

2. The control system for a work machine according to

claim 1, wherein

the specific map data read into the second storage unit
includes a first divided map data piece indicating a first
divided area and a second divided map data piece
indicating a second divided area adjacent to the first
divided area, and

the update umt updates the specific map data when 1t 1s
determined that the work machine 1s moved from the
first divided area to the second divided area on the basis
of detection data obtained by the position detecting
device.

3. The control system for a work machine according to

claim 2, wherein

the divided map data pieces stored 1n the first storage unit
includes a third divided map data piece indicating a
third divided area located adjacent to the second
divided area i1n an advancing direction of the work
machine, and

when 1t 1s determined that the work machine 1s moved
from the first divided area to the second divided area,
the update unit causes the second storage unit to read
the third divided map data piece stored in the first
storage unit.

4. The control system for a work machine according to
claim 3, wherein when it 1s determined that the work
machine 1s moved from the first divided area to the second
divided area, the update unit erases, from the second storage
unit, a fourth divided map data piece stored in the second
storage unit and indicating a fourth divided area located
adjacent to the first divided area 1n an opposite direction of
the advancing direction of the work machine.

5. The control system for a work machine according to
claim 1, wherein the specific map data includes a divided
map data piece mdicating a divided area where the work
machine exists, and a divided map data piece indicating each
of a plurality of divided areas located around the divided
areca where the work machine exists.

6. The control system for a work machine according to
claiam 5, wherein the update unit performs, along with
change of a position of the work machine: processing to
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cause the second storage unit to read at least part of the
divided map data pieces stored 1n the first storage unit; and
processing to erase at least part of the divided map data
pieces stored 1n the second storage unit, such that a data
amount of the specific map data to be stored 1n the second
storage unit 1s kept at a constant value.

7. The control system for a work machine according to
claim 6, wherein

the management area includes the plurality of divided

maps, in which the divided maps corresponding to first
number of divisions are arranged in a first direction
within a predetermined plane and the divided maps
corresponding to second number of divisions are
arranged 1n a second direction orthogonal to the first
direction within the predetermined plane, and

the update unit determines the specific map data to be read

into the second storage unit on the basis of: a coordinate
value of the divided area where the work machine
exists within the predetermined plane; and at least one
of the first number of divisions and the second number
of divisions.

8. The control system for a work machine according to
claim 1, wherein

the divided map data pieces generated on the basis of

detection data obtained by the position detecting device
and detection data obtained by the non-contact sensor
during a first period are stored in the first storage unit,
and

at least part of the divided map data pieces stored 1n the

first storage unit are updated with the divided map data
pieces generated during a second period after the first
period on the basis of detection data obtained by the
position detecting device and detection data obtained
by the non-contact sensor.

9. The control system for a work machine according to
claim 8, wherein

the update unit calculates a logical sum of: a divided map

data piece generated for a predetermined divided area
during the first period; and a divided map data piece
generated for the predetermined divided area during the
second period, and

the position calculating unit calculates a position of the

work machine 1n the predetermined divided area by
matching the logical sum with detection data obtained
by the non-contact sensor.
10. A work machine comprising the control system for a
work machine according to claim 1.
11. A management system for a work machine, compris-
ing, 1n the work machine according to claim 10, a manage-
ment device configured to output course data to define the
travel route.
12. A management method for a work machine, compris-
ng:
generating management map data indicating a map of a
management area 1n a mine on the basis of detection
data obtained by a position detecting device that detects
a position of a work machine traveling on a travel route
and detection data obtained by a non-contact sensor
that detects, 1n a non-contact manner, an object beside
the travel route on which the work machine travels;

setting a plurality of divided areas by dividing the man-
agement area and storing, in a {irst storage unit, a
plurality of divided map data pieces each indicating a
map of each of the divided areas;

acquiring positional data of the work machine;

causing a second storage unit different from the first

storage unit to read specific map data determined from
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among the plurality of divided map data pieces stored
in the first storage unit on the basis of the positional
data of the work machine; and

calculating a position of the work machine by matching,
the specific map data read into the second storage umt s
with detection data obtained by the non-contact sensor.
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